INTRODUCTION
Eurytemora affinis (Poppe, 1880) is a true estuarine calanoid copepod that inhabits brackish and fresh-waterbodies all over the northern hemisphere (e.g., Croskery, 1978; Lee and Frost, 2002) . It has been described as a complex of cryptic species, because E. affinis populations are genetically highly divergent, though with similar morphological characteristics (Lee, 2000; Lee and Frost, 2002; Winkler et al., 2011; Sukhikh et al., 2016) . Recent subsequent studies (Alekseev and Souissi, 2011; distinguished two separate species within the complex of E. affinis, which launched a debate about if E. affinis is really a complex of cryptic or pseudocryptic species (Lajus et al., 2015) . However, the present study refers to the native population of the Baltic Sea as E. affinis, instead of as a species complex, for the sake of convenience.
Eurytemora affinis is a dominating estuarine copepod in the Baltic Sea (Telesh and Heerkloss, 2004 ) and a key species in our study area -the Gulf of Riga (Ojaveer et al., 1998; Kornilovs et al., 2004) . It is the main food source for the local herring (Anonymous, 2013; Livdâne et al., 2016) and one of the most abundant calanoid copepods controlling phytoplankton biomass during summer (Jurgensone et al., 2011) . A recent study by revealed the presence of Eurytemora carolleeae Alekseev and Souissi, 2011 in several sites of the Baltic Sea, including in the Gulf of Riga. Eurytemora carolleeae is a newly described species within the Eurytemora affinis complex (Alekseev and Souissi, 2011) . Its invasion source was presumably from the eastern coast of North America where it is one of dominant estuarine copepods (Alekseev and Souissi, 2011) . Eurytemora carolleeae was observed in the Gulf of Riga at low frequency (only 2-7% of morphologically analysed individuals), but analysis of DNA nucleotide barcoding of the same population did not confirm its presence. However, its presence in the eastern part of the Gulf of Finland has been confirmed by both morphological and molecular methods, where its abundance varied from 4% to 47% for females and from 2% to 50% for males of analysed Eurytemora individuals . Therefore, the possible E. carolleeae invasion in the Gulf of Riga was suspected. also expected the establishment of E. carolleeae in the Gulf of Riga in the nearest future based on "the Gause's principle (Gause, 1932) or niche" as suggested by Alekseev et al. (2009) . Higher reproduction rates of the North-American Eurytemora (Beyrend-Dur et al., 2009; Pierson et al., 2016) , as well as longer lifespan of adults (Beyrend-Dur et al., 2009) can potentially contribute to successful invasion and establishment of the non-indigenous Eurytemora in the Baltic Sea, which might endanger the native population of E. affinis.
"Trends in arrival of new non-indigenous species" is one of HELCOM Core indicators (Anonymous, 2015) with the main goal to minimise anthropogenic introduction of nonindigenous organisms to zero. The Good Environmental Status boundary for this indicator has been set to "no new introductions of non-indigenous species per assessment unit through human activities during a six-year assessment period" (Anonymous, 2015) . Application of the indicator list of present non-indigenous species has to be updated regularly. Therefore, the aim of the present study was to reevaluate the presence of E. carolleeae in the Gulf of Riga five years after its first record in 2008 .
MATERIALS AND METHODS
Study site. The Gulf of Riga is located in the eastern part of the brackish Baltic Sea. It is a relatively isolated basin with a northward salinity gradient. Salinity ranges between 0.5-2.0 psu in its southern areas where the largest freshwater discharge occurs, to 7.0 psu in northeast regions, but generally, salinity varies from 5.0 to 6.5 psu (Berzinsh, 1995) . These low salinities are favourable for the development of Eurytemora affinis . Furthermore, the Gulf of Riga is a shallow waterbody with a mean depth of 26 meters; thus, the water temperature closely follows the seasonal cycle of air temperature, reaching a maximum of 17-20°C in upper layers during summer and freezing temperatures in winter. Consequently, a seasonal thermal stratification occurs from May to August (Kotta et al., 2008) .
Sampling and identification. Sampling was conducted in station 119 (Fig. 1) in May, August, and November 2013. The sampling station is located close to the Rîga harbour, a hotspot of non-indigenous species arrival, as shipping is one of the main vectors responsible for species introduction in the Baltic Sea (Ojaveer et al., 2017) .
One mesozooplankton sample was collected in each sampling event by means of vertical haul from bottom to top using a WP-2 plankton net with mesh size 100 µm and opening 0.25 m 2 . The collected samples were preserved with 4%
formaldehyde solution in seawater. In total, 75 females and 75 males of Eurytemora were randomly selected and studied, 25 individuals of each sex per sample. Morphological comparison between E. affinis and E. carolleeae was done using three indices following :
-for both sexes: Index 1 = length/width of the caudal rami ( Fig. 2 A, B) ; -for females: Index 2 = anterior/posterior sides of the genital segment ( Fig. 2 C) ; -for males: Index 3 = length/width of the exopodite first segment in leg 5 (Fig. 2 B, D) .
Firstly, photos of the morphological features needed for measurement of each parameter were taken using a compound microscope Leica DM4000 equipped with a built-in digital camera Leica DFC295 and Leica software LAS v4.1. Measurements were made with ImageJ© software (Rasband, 1997 (Rasband, -2015 . The data were analysed based on the first description of E. carolleeae (Alekseev and Souissi, 2011) and the study of the new species pattern in the Baltic Sea region .
According to previous studies (Alekseev and Souissi 2011; , the main difference between E. affinis and E. carolleeae females is Index 2, which is much higher (1.35) in E. carolleeae compared to the native E. affinis (Alekseev and Souissi, 2011) . In contrast, Index 1 does not seem to be a good discriminator between both species in the Gulf of Riga; E. affinis females have average value of 7.59 for Index 1, compared to a value of 6.06 for E. carolleeae in Chesapeake Bay (Alekseev and Souissi, 2011) . Based on the available literature, we set an indicative value of Index 1 for E. carolleeae less than 6.50, but we treated it as a complementary parameter. Similarly for males, Index 1 was treated as a complementary parameter for E. carolleeae identification, because the caudal rami length/width ratio in E. affinis males from the Gulf of Riga and E. carolleeae males from the Chesapeake Bay overlaps even more than in females. In this case the indicative value of Index 1 was set to 9.50. Index 3 was treated as a determinant index for E. carolleeae detection and values higher than 1.40 strongly indicating affiliation to E. carolleeae. However, the most unambiguous proof of E. carolleeae presence is when both 2 and 3 indices deviate from the set indicative values (Table  1) .
Statistical analysis. Index 1 corresponded to a normal distribution. Index 2 and Index 3 were Box-Cox transformed (Wessa, 2015) . The "Outlier Labelling Rule" (Hoaglin et al., 1986 ) was applied to detect statistically significant outliers. The independent samples T-test was used to compare indicator values between seasons The one-sample T-test, evaluated with 1000 bootstrap replicates, was used to compare measured values to indicative values to approve or disapprove affiliation to E. carolleeae (Table 1) . Shapiro-Wilk test for Normality, T-test and bootstrapping analysis was carried out in IBM © SPSS © Statistics v20.
RESULTS
The results of morphological analysis indicated a low possibility of spread of the population of E. carolleeae in the Gulf of Riga (Fig. 3) . In fact, only five females had a value of Index 2 higher than the set indicative value of 1.35, and for these Index 1 ranged between 8.3 and 10.8, indicating affiliation to E. affinis. Fifteen males reached the indicative value of 1.4 for Index 3, and one of them was determined as a statistically significant outlier (Fig. 3) . Another outlier with a value just slightly above 0.8 was marked, but it was ignored in further analysis as it was well below the indicative value. However, considering the complementary Index 1, none of those fifteen males reached the indicative value needed to confirm the presence of an E. carolleeae male in the Gulf of Riga.
The independent samples T-test (Table 2) showed statistically significant differences between seasons for Index 1 Alekseev and Souissi, 2011; Index 1 (for both sexes) = length/width of the caudal rami; Index 2 (for females) = width of anterior side/width of posterior side of the genital segment; Index 3 (for males) = length/width of the exopodite first segments in leg 5 (for more information about indices see . Index 1 was treated as a complementary index. Index 2 and Index 3 were treated as main indices. If both indices (for each sex) deviate from the set indicative values accordingly, then strong indication of affiliation to one or another species is suggested. Fig. 3 . Values of recommended indices for identification of Eurytemora sibling species (E. affinis and E. carrolleae): A) females and B) males. Index 1 (for both sexes) = length/width of the caudal rami; Index 2 (for females) = width of anterior side/width of posterior side of the genital segment; Index 3 (for males) = length/width of the exopodite first segments in leg 5 (for more information about indices see . Dotted lines show approximate border of indices between both species -upper left square corresponds to E. affinis indication; all other (but mostly two lower squares) -might correspond to E. carrolleeae indication (see Table 1 ). Bolded markers indicate statistically significant outliers ("Outlier Labeling Rule"; Hoaglin et al., 1986) .
(for both males and females) and Index 2. Eurytemora females tended to have length/width ratio of the caudal rami (Index 1) significantly lower in May than in August and November, while the lowest values of Index 1 for Eurytemora males occurred in November. Significantly higher values of Index 2 occurred in August ( Table 2 ). The data from seasons with non-significant differences were pooled (Table 2 last row) for comparison to target indicator values. All values of Index 3 across seasons were pooled due to non-significant variability among seasons. Again, the Index values differed significantly from the target indicator threshold values of all three indices (p < 0.001), reinforcing our conclusion about the low possibility of spread of E. carolleeae population in the Gulf of Riga.
DISCUSSION
Considering the high productivity of North American Eurytemora carolleeae in Chesapeake Bay (Pierson et al., 2016) and in the St. Lawrence estuary (Beyrend-Dur et al., 2009; Lloyd et al., 2013) , its establishment in the Gulf of Riga is likely inevitable. Nevertheless, the E. carolleeae population has not settled and spread in the study site between 2008 and 2013, according to the results of present study. However, previous study sites were conducted in tidal zones (Beyrend-Dur et al., 2009; Lloyd et al., 2013; Pierson et al., 2016) , which are not fully comparable to our sampling site located in the southern part of the non-tidal ecosystem of the Gulf of Riga. Indeed, the study site is an important parameter to consider, since copepod populations can differ in development between inshore and offshore waters, as demonstrated by Mouny and Dauvin (2002) for E. affinis in the Seine estuary. In addition, the sites where E. carolleeae presence was confirmed by both morphological and molecular analysis were located in coastal bays in the eastern part of the Gulf of Finland (Alekseev et al., 2009; and this underlines the importance of the study site. The region studied in the Gulf of Finland was characterised by intensive maritime traffic and the highest ballast water discharges in the Baltic Sea (Anonymous, 2014) , which might play a significant role in providing a constant and stable population of E. carolleeae.
The inter-annual variability in hydro-meteorological conditions can also affect Eurytemora abundance (Viitasalo et al., 1995 Finally, individual variability of local E. affinis should be considered as well. Size parameters of E. affinis showed high seasonal, inter-annual and spatial variability in prosome and urosome length and width in the Gulf of Riga, with standard deviation ranging from 5 to 16% of the mean for females, and 6 to 13% for males (Labuce et al., in prep.) . Considerable seasonal fluctuation in dimensions of E. affinis individuals of the Gulf of Riga was also described for individual body mass of copepods (Line, 1983) . A similar tendency was observed in measured dimensions of caudal rami for both male and female, which disputed the applicability of Index 1 in the Gulf of Riga. In addition, seasonal variation was observed in measurements of the genital segment (Index 2), which might be related to higher reproduction rates in higher temperatures (Gasparini et al., 1999) . Moreover, improvement in precision of measurements can be obtained by analysing symmetrical traits on both sides of the body (Lajus et al., 2015) . In our study only one side of the body was measured for symmetrical traits (only right caudal rami; Index 1), which might have increased measurement error for Index 1 values.
As a conclusion, we deduce that there is no evidence of persistent occurrence of a E. carolleeae population in the Gulf of Riga. However, inspection of coastal areas and ports should be conducted for verification, as well as more morphological indicators tested for applicability in the Gulf of Riga. Molecular analysis should also be carried out in further studies. Moreover, a regular monitoring program surveilling non-indigenous species is necessary to evaluate the presence of E. carolleeae and other non-native species in the study area.
